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Abstract Power outages can impact health, and certain
populations may be more at risk. Personal preparedness
may reduce impacts, but information on power outage
preparedness and risk perception among vulnerable
populations is limited. We examined power outage pre-
paredness and concern among New York City residents,
including vulnerable populations defined as older adults
(≥ 65 years), and respondents with household members
who require assistance with daily activities or depend on
electric medical devices. A random sample telephone
survey was conducted during November–December
2016. Preparedness was defined as having a three-day
supply of drinking water, non-perishable food, and a
working flashlight. Among all respondents (n = 887),
58% were prepared and 46% expressed concern about
health. Respondents with electric-dependent household
members (9% of all respondents) tended to have higher
preparedness (70 vs. 56% of respondents without
electric-dependent household members). Among this
group, only 40% reported being registered with a utility
company to receive early notification of outages. While
the subgroup sample was small, respondents with reg-
istered electric-dependent household members had
lower preparedness than those with non-registered users
(59 vs. 76%). Respondents with household members
who needed assistance had comparable levels of pre-
paredness to respondents without someone who needed
assistance (59 vs. 57%). Older adults had greater pre-
paredness than younger adults (65 vs. 56%). Health
concerns were greater among all vulnerable groups than
the general population. Levels of preparedness varied
among vulnerable respondents, and awareness of power
outage notification programs was low. Our findings
highlight the need to increase awareness and prepared-
ness among at-risk people.
Keywords Power outage . Preparedness . Vulnerable
populations . Climate change
Introduction
Power outages can greatly impact public health. While
major outages are relatively infrequent in New York
City (NYC), the city has experienced health impacts
due to power outages, most notably the August 2003
Northeast outage that affected the entire city, home to
over eight million residents [1], and the outages caused
by Superstorm Sandy in October 2012 [2]. The 2003
power outage has been associated with increased risk of
all-cause mortality [3] and respiratory hospitalizations
[4]. It also disrupted refrigeration, potable water
pumping equipment in buildings with more than six
floors, and elevators—compromising the safety of water
and food and stranding residents in their apartments [5,
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6]. Superstorm Sandy disrupted power for over two
million city residents, many of whom were without
power, water, and heat for an extended period of time
[2]. Some of the direct health effects of Superstorm
Sandy included disruptions in dialysis treatments, in-
creased emergency room visits for renal- and
respiratory-related conditions, and increased carbon
monoxide exposures and poisonings [7, 8].
NYC power outages can also be confined to smaller
areas, such as the July 1999 outage in Northern Man-
hattan and the July 2006 outage in Western Queens,
which roughly impacted 200,000 residents each [9,
10]. Both of these outages occurred with heatwaves,
when there is peak electricity demand from air condi-
tioning [11]; however, winter month outages fromwind,
ice, and snow can also occur. These smaller, localized
outages may have health effects comparable to major
events but on a smaller scale [12]. As the climate chang-
es, higher average summer temperatures and more heat
waves could lead to greater electricity demand and an
increase in severe storms that could damage energy
infrastructure, resulting in more outages [13]. Without
adaptation, future health impacts of power outages may
increase.
People at greater risk of power outage health impacts
include older adults, people who rely on a caregiver to
perform daily activities, and those who depend on elec-
tric medical devices [4, 7, 14, 15]. These populations
often have more health problems, medication needs,
and/or limited mobility [16, 17]. Personal preparedness,
especially for those most at risk, may reduce health
impacts. Federal agencies recommend developing a pre-
paredness plan [18] and direct the general public to have
several items on hand, including a working flashlight
with extra batteries, 3-day supply of non-perishable
food and drinking water for each household member,
and extra medications. Having critical items on hand can
help mitigate the effects of power outages and help
people to safely shelter in place. A preparedness plan
should also include the identification of exit routes from
homes and neighborhoods, and a meeting spot for all
household members [19]. This can support household
readiness for events that may require home evacuation,
such as outages associated with severe storms with
flooding. For people who depend on electric medical
equipment, preparedness also includes signing up with
their utility companies to receive notification before a
power outage [20] and having a back-up supply of
power for their equipment.
While studies have assessed preparedness for
general disasters [21–26], few have focused specif-
ically on power outages [27–29], and there is limited
knowledge on the usage of utility programs for
people on electric medical equipment [30]. In addi-
tion, power outage concern may influence personal
preparedness. To address these knowledge gaps, we
conducted a random sample telephone survey to
better understand power outage preparedness and
concern among NYC residents, including vulnerable
populations. We also aimed to assess awareness of
the utility programs among respondents with a
household member dependent on electric medical
equipment. This information may assist emergency
preparedness planning and improve health-risk com-
munications and targeted guidance.
Methods
The NYC Department of Health and Mental Hygiene
(DOHMH), in collaboration with Baruch College Sur-
vey Research, conducted a random sample telephone
survey among NYC residents 18 years or older between
November 18 and December 23, 2016. The NYC
DOHMH Institutional Review Board approved this
study as exempt research.
The landline telephone sample was based on a
random digit dial (RDD) design which draws num-
bers from all existing landline telephone exchanges
in the five boroughs of NYC, giving all listed and
unlisted phone numbers a proportionate chance of
being included. Respondents in the landline sample
were selected randomly within the household based
on the most recent birthday. This sample was sup-
plemented by a RDD cell phone sample, based on
numbers identified as active cell phones in the five
NYC boroughs. Respondents were offered the op-
tion of being interviewed in English or Spanish.
Participation was voluntary and anonymous. Data
were weighted to the United States 2010 Census
population data for age, sex, race, Hispanic origin,
and borough for NYC adults. The estimated average
sample tolerance for data from the poll is ± 3.3
percentage points for the full sample.
The survey consisted of 22 closed-ended questions to
collect data on respondent characteristics, household
preparedness, and concerns related to power outages,
and to identify vulnerable groups. Respondents who
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reported their households were prepared for a power
outage were defined as perceiving their households to
be prepared. We defined respondents as prepared if they
reported all three preparedness items listed in guidelines
for the general public [18], including a working flash-
light, 3-day supply of food that would not spoil, and 3-
day supply of drinking water. We focused on having
emergency preparedness supplies rather than emergency
preparedness plans because home evacuations are often
not needed during a typical power outage in NYC [19].
Respondents who expressed being very or somewhat
concerned that power outages could cause injury or
illness to themselves or someone in their household
were defined as having a health concern.
We defined three subpopulations as higher risk—
older adults (≥ 65 years old); respondents with someone
in their households who needed assistance with daily
activities, such as eating, bathing or dressing, and would
require help leaving the house during a power outage,
excluding healthy children; and respondents with some-
one in their households who was dependent on an
electric medical device. Household preparedness and
health and safety concerns were further assessed among
these vulnerable groups.
Descriptive analysis included unweighted fre-
quencies and calculation of weighted percentages
and confidence intervals. T tests were used to assess
statistically significant differences between groups.
All analyses were carried out using SUDAAN
11.0.1 software.
Results
Descriptive Characteristics of All Respondents
A total of 887 people responded to the survey. The
survey cooperation rate was 49%, the response rate
was 12%, and the contact rate was 28% [31]. Approx-
imately half of the surveys were conducted on a landline
(47%) and the rest were conducted on cellphones. The
majority were conducted in English (91%).
The characteristics of the survey respondents are
shown in Table 1. The distribution of respondent demo-
graphic characteristics by gender, age, and race and
ethnicity were comparable to the 2010 Census data for
adult New Yorkers [32]. Multi-family buildings (56%),
including walk-ups and those with elevators, were the
most common residence type.
Power Outage Preparedness and Concern among All
Respondents
Less than half of the respondents perceived their house-
holds as prepared for a power outage (46%). However,
89% of all respondents reported having a working flash-
light, 71% had a 3-day supply of food that would not
spoil, 59% had a 3-day supply of drinking water, and
58% had all three items defined as actual preparedness.
When asked how news or information would be re-
ceived during a power outage, most reported they would
use their mobile devices for internet or texts (59%),
followed by radios or battery-operated televisions
(35%) and paper newspapers or magazines (6%). A little
less than half of the respondents were concerned about
health (46%) during a power outage.
Actual preparedness was lower among Hispanic re-
spondents (45%, p = 0.03, Table 2), those with house-
hold income less than $30,000 (45%, p = 0.05), and
those who live in multi-family buildings (51%, p =
0.02). Additionally, Hispanic respondents who complet-
ed the survey in Spanish had lower actual preparedness
compared to those who completed the survey in English
(29 vs. 52%, p = 0.03). Perceived preparedness did not
differ drastically by any of these characteristics. Respon-
dents who had young children in their household had
lower perception of and actual preparedness than those
without young children (39 vs. 50%, p = 0.03 and 44 vs.
63%, p < 0.01, respectively). Black and Hispanic re-
spondents and those with household incomes less than
$100,000 expressed greater concern about health during
a power outage (all p < 0.05).
The number of respondents who reported losing
power during Superstorm Sandy was 29%, consistent
with citywide estimates [2]. However, losing power
during Superstorm Sandy did not influence perceived
or actual preparedness and health concerns.
Preparedness and Concern among At-Risk Respondents
Among all respondents, a quarter had a household mem-
ber who needed assistance with daily activities (25%),
17% were older adults, and 9% said there was someone
in their household who depended on an electric medical
device (Table 3). All three at-risk populations over-
lapped with 38% of all respondents belonging to at least
one at-risk group. There was significant overlap be-
tween respondents with household members needing
assistance and respondents with electric-dependent
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household members (for example, 61% of respondents
with electric-dependent household members also had a
household member who needed assistance).
Older respondents were more likely to live alone (37
vs. 7%, p < 0.01, Table 4) and live in a multi-family
building (64 vs. 54%, p = 0.03) than younger respon-
dents. They were more prepared (65 vs. 56%, p = 0.08)
and more reported that they would get information from
a radio or battery-operated television (52 vs. 31%,
p < 0.01). Older adults who live alone (n = 91) had a
lower perception of preparedness compared to older
adults not living alone (42 vs. 57%, p = 0.08). All older
respondents expressed greater health concern (54 vs.
45%, p = 0.05) but concern appeared to be greater
among older respondents who live alone (61 vs. 49%
of older adults who do not live alone, p = 0.13).
Respondents who reported having someone in the
household who needed assistance with daily activities
were more likely to be Hispanic (36 vs. 25%, p = 0.03,
Table 5), have young children in their household (43 vs.
28%, p < 0.01), have a lower household income (57 vs.
32%, p < 0.01), and live in a multi-family building (67 vs.
52%, p < 0.01) than respondents who did not have some-
one in their household who required assistance. There
was no significant difference in perceived or actual pre-
paredness; however, those with someone in their house-
hold who needed assistance expressed greater health
concerns related to power outages (65 vs. 39%, p < 0.01).
Table 1 Characteristics of survey
respondents
aIndividual weights were used
and missing data were not in-
cluded in percentages
Unweighted N Weighted %a









Race/Ethnicity White, non-Hispanic 332 34
Black, non-Hispanic 225 21
Hispanic 161 28
Asian 71 15
Something else 40 3
Missing/refused 58
Household members 1 173 12
2+ 696 88
Missing/refused 18
Children < 12 years 0 629 69
1+ 250 31
Missing/refused 8
Household income < $30,000 161 23
$30,000 to < $50,000 155 15
$50,000 to < $100,000 179 28
≥ $100,000 182 34
Missing/refused 210
Residence building type One or two family home 316 44
Multi-family building 508 56
Other/missing/refused 63
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Respondents who reported having a household mem-
ber dependent on electrically powered medical equip-
ment were more likely to have a lower household in-
come (57 vs. 36%, p = 0.01, Table 6) and live in a multi-
family building (70 vs. 54%, p = 0.03) compared to
those who did not. These respondents were less likely
to perceive their households as prepared (32 vs. 47%,
p = 0.03) but tended to be actually prepared (70 vs. 56%,
p = 0.11). Compared to the rest of the sample, they
would be more likely to use mobile devices to access
information during power outages (70 vs. 58%, p =
0.07). They were also more likely to express greater
concern about health (74 vs. 44%, p < 0.01) during a
power outage. Among respondents who reported having
someone in their household dependent on electrically
powered medical equipment, only 40% (n = 25) said
that person was registered with a utility company to
receive notification before a power outage. These re-
spondents were less likely to have lost power during
Superstorm Sandy (18 vs. 39%, p = 0.09, Table 7) and
had lower actual preparedness (59 vs. 76%, p = 0.34).
They also expressed greater concern about health (90 vs.
68%, p = 0.04) during power outages.
Discussion
Having key items, such as a working flashlight and 3-
day supply of water and food, is one important compo-
nent of a preparedness plan and can make it easier to







Total 46 (42, 50) 58 (53, 62) 46 (42, 50)
Race/Ethnicity
White, Non-Hispanic (ref) 46 (39, 53) 59 (52, 66) 38 (32, 45)
Black, Non-Hispanic 45 (37, 54) 65 (56, 73) 54 (46, 62)e
Hispanic 50 (40, 60) 45 (35, 56)e 51 (42, 60)e
Asian 41 (28, 55)f 61 (45, 75)f 43 (31, 57)f
Household income
≥ $100,000 (ref) 42 (34, 51) 60 (51, 69) 36 (28, 45)
$50,000 to < $100,000 40 (31, 50) 58 (47, 68)f 48 (39, 58)e
$30,000 to < $50,000 48 (38, 59)f 53 (42, 64)f 52 (42, 61)e
< $30,000 39 (29, 49)f 45 (35, 57)e,f 53 (43, 62)e
Residence building type
One or two family home (ref) 46 (39, 54) 63 (55, 70) 49 (42, 56)
Multi-family building 46 (40, 51) 51 (45, 57)e 44 (39, 50)
Children < 12 years
0 (ref) 50 (44, 55) 63 (58, 68) 45 (40, 50)
1+ 39 (31, 47)e 44 (36, 53)e 48 (41, 56)
Lost power in Superstorm Sandy
No (ref) 47 (41, 52) 57 (51, 62) 46 (41, 51)
Yes 46 (38, 54) 62 (54, 69) 46 (39, 54)
a Respondents reporting their households were prepared for a power outage in NYC
bRespondents having a working flashlight, 3-day supply of food that would not spoil, and 3-day supply of drinking water
c Respondents reporting being very or somewhat concerned that power outages could cause injury or illness
d Individual weights were used
e Proportion significantly differed when compared to reference group (p ≤ 0.05)
f Estimate should be interpreted with caution. The 95% confidence interval half-width is > 10 or the sample size is < 50, making the estimate
potentially unreliable
720 Dominianni et al.
Table 3 Overlap among different at-risk populations




Unweighted N (weighted %a) Weighted % (95% CI)a Weighted % (95% CI)a Weighted % (95% CI)a
Older adults
65+ 207 (17) NA 19 (14, 25) 22 (13, 34)c
< 65 663 (83) NA 16 (13, 19) 16 (14, 19)
Household member needing assistance
Yes 222 (25) 29 (22, 37) NA 61 (47, 74)b, c
No 656 (75) 25 (21, 29) NA 22 (19, 26)
Household member is electric-dependent
Yes 77 (9) 12 (7, 18)c 21 (15, 30)b, c NA
No 807 (91) 8 (6, 12) 5 (3, 7) NA
a Individual weights were used
b Proportion significantly differed when compared to non-vulnerable groups (p ≤ 0.05)
c Estimate should be interpreted with caution. The sample size is < 50 making the estimate potentially unreliable
Table 4 Characteristics, preparedness, and concern of older adults




(ref, n = 663)
65+ years living
alone (n = 91)
65+ years not living
alone (ref, n = 112)
Race/Ethnicity
White, Non-Hispanic 55 (47, 64)e 30 (26, 34) 53 (42, 65)f 55 (44, 66)
Black, Non-Hispanic 20 (15, 27)f 21 (18, 25) 22 (15, 32)f 20 (13, 29)
Hispanic 16 (10, 24)e,f 30 (25, 35) 19 (11, 32)f 14 (7, 26)
Asian 6 (3, 13)e,f 17 (13, 21) 3 (1, 13)f 8 (3, 19)
Living alone 37 (30, 45)e 7 (6, 9) NA NA
Children < 12 years 12 (7, 19)e,f 35 (31, 40) NA NA
Household income < $50,000 39 (31, 48) 38 (33, 43) NA NA
Multi-family building 64 (56, 72)e 54 (49, 59) 78 (68, 86)e,f 58 (46, 68)
Perceived preparednessb 51 (42, 59) 45 (40, 50) 42 (31, 54)f 57 (44, 68)
Actual preparednessc 65 (56, 73) 56 (50, 61) 59 (46, 70)f 68 (56, 78)
Getting Information
Internet/website on mobile device, texts 40 (32, 48)e 63 (58, 67) 47 (36, 59)f 35 (25, 47)
Radio or battery operated television 52 (43, 60)e 31 (27, 36) 45 (34, 57)f 56 (44, 67)
Has health concernd 54 (46, 62)e 45 (40, 49) 61 (50, 71)f 49 (38, 60)
a Individual weights were used
b Respondents reporting their households were prepared for a power outage in NYC
cRespondents having a working flashlight, 3-day supply of food that would not spoil, and 3-day supply of drinking water
d Respondents reporting being very or somewhat concerned that power outages could cause injury or illness
e Proportion of characteristics significantly differed when compared to non-vulnerable groups (p ≤ 0.05)
f Estimate should be interpreted with caution. Estimate’s relative standard error (a measure of estimate precision) is greater than 30%, the
95% confidence interval half-width is > 10, or the sample size is < 50, making the estimate potentially unreliable
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cope with power outages [18]. However, we found that
many of the respondents did not have all of these basic
necessities, which is consistent with a national-based
survey of emergency preparedness [24]. A survey
among residents in Ontario who lost power during the
August 2003 power outage found the majority of those
who had not assembled an emergency preparedness kit
did not think it was important [33]. In NYC, where
major power outages are relatively infrequent, power
outages may not be perceived as threats to most resi-
dents. For at-risk people, a power outage could present
more challenges [34] so that they may feel a greater
threat to their health or safety; however, having concerns
about power outages does not necessarily translate into
greater preparedness, suggesting that there are barriers
to obtaining and maintaining basic preparedness
supplies.
Respondents with electrically dependent household
members were identified as more likely to have all three
basic preparedness items. A loss of power poses a
serious risk of disruption of medical equipment opera-
tion, placing those who depend on them in potentially
life-threatening situations [34], perhaps driving pre-
paredness levels among this group. However, the per-
ception of preparedness was significantly lower in this
group indicating that they viewed preparedness as much
more than our definition captured. Preparedness has
been shown to be low in this vulnerable population as
Table 5 Characteristics, preparedness, and concern of respon-
dents with household members needing assistance






White, Non-Hispanice 18 (13, 24) 39 (35, 44)
Black, Non-Hispanic 26 (20, 34) 20 (16, 23)
Hispanice 36 (28, 45) 25 (21, 30)
Asianf 16 (11, 24) 14 (10, 19)
Living alonef 9 (6, 14) 13 (11, 16)
Children < 12 yearse 43 (35, 51) 28 (24, 32)
Household income < $50,000e 57 (47, 66) 32 (27, 37)
Multi-family buildinge 67 (58, 74) 52 (47, 56)
Perceived preparednessb 44 (36, 53) 46 (41, 52)
Actual preparednessc 59 (49, 68) 57 (52, 62)
Getting Information
Internet/website on mobile device, texts 63 (55, 71) 57 (52, 62)
Radio or battery operated television 31 (24, 40) 37 (32, 42)
Has health concernd,e 65 (57, 73) 39 (35, 44)
a Individual weights were used
b Respondents reporting their households were prepared for a
power outage in NYC
cRespondents having a working flashlight, 3-day supply of food
that would not spoil, and 3-day supply of drinking water
d Respondents reporting being very or somewhat concerned that
power outages could cause injury or illness
e Proportion of characteristics significantly differed when com-
pared to non-vulnerable groups (p ≤ 0.05)
f Estimate should be interpreted with caution. The sample size is <
50 making the estimate potentially unreliable
Table 6 Characteristics, preparedness, and concern of respon-
dents with household members needing electric medical
equipment






White, Non-Hispanicf 31 (20, 45) 34 (30, 38)
Black, Non-Hispanicf 17 (9, 30) 22 (19, 26)
Hispanicf 35 (22, 51) 27 (23, 31)
Asianf 13 (5, 30) 14 (11, 18)
Living alonef 11 (5, 20) 13 (11, 15)
Children < 12 yearsf 23 (13, 37) 32 (28, 37)
Household income < $50,000e,f 57 (41, 72) 36 (32, 41)
Multi-family buildinge,f 70 (55, 81) 54 (50, 59)
Perceived preparednessb,e,f 32 (20, 46) 47 (42, 52)
Actual preparednessc,f 70 (52, 83) 56 (51, 61)
Getting information
Internet/websiteonmobiledevice, textsf 70 (56, 81) 58 (53, 62)
Radio or battery operated televisionf 30 (19, 44) 35 (31, 40)
Has health concernd,e,f 74 (60, 85) 44 (39, 48)
a Individual weights were used
b Respondents reporting their households were prepared for a
power outage in NYC
cRespondents having a working flashlight, 3-day supply of food
that would not spoil, and 3-day supply of drinking water
d Respondents reporting being very or somewhat concerned that
power outages could cause injury or illness
e Proportion of characteristics significantly differed when com-
pared to non-vulnerable groups (p ≤ 0.05)
f Estimate should be interpreted with caution. Estimate’s relative
standard error (a measure of estimate precision) is greater than
30%, the 95% confidence interval half-width is > 10, or the sample
size is < 50, making the estimate potentially unreliable
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it includes more challenging aspects such as ensuring
the medical equipment runs during the outage [29].
Utility power outage notification programs can
sometimes provide electric medical equipment users
advanced warning; however, our findings indicated
awareness of these programs was low as has been pre-
viously observed [30]. Those who registered for the
program also had greater health concerns. However,
we also observed a non-significant trend in lower pre-
paredness among these respondents, possibly because
they may view being on the registry as sufficient pre-
paredness, or because they do not expect to shelter in
place during an extended outage. While we can only
speculate on the reasons for lower preparedness in this
specific group, these findings highlight the importance
of encouraging preparedness among all households with
electric medical equipment users, including having and
maintaining back-up sources of power, regardless of
whether they have signed up with their utility company.
Preparedness among respondents who had someone
in their household who needed assistance with daily
activities was comparable to those who did not, consis-
tent with studies in Southeastern Pennsylvania [35] and
North Carolina [36]. Caregivers may face additional
challenges in preparedness due to the medical needs of
family members who require assistance [25, 37]. There
may also be other competing priorities, such as care for
young children, which was prevalent in this group. In
addition, our findings pointed toward socioeconomic
barriers among this at-risk group. Theywere more likely
to have lower household incomewhich may limit ability
to purchase supplies. They were also more likely to be
Hispanic, possibly reflecting limited availability of or
access to preparedness resources, including materials in
Spanish, or cultural differences that influence perception
by respondents and communication of risk by emergen-
cy response and preparedness planners [38–41]. Ad-
dressing these limitations may provide one way to in-
crease preparedness among this vulnerable group in
NYC.
Our findings pointed toward lower perception of
preparedness among the most vulnerable older adults,
those who live alone. Besides being at greater risk of
social isolation [42], their greater health concerns sug-
gest they may have more health problems, factors that
can impede their ability to prepare for outages [24, 43].
In addition, they may have more immediate concerns
than preparing for an outage, suffer from anxiety when
thinking of emergencies, or feel that such emergencies
are out of their control [23]. Lower preparedness could
have significant implications for older adults in general
who are at greater risk of falls [44], heat illness and death
[45], and other adverse health effects that could be
exacerbated by power outages [15]. Encouraging older
adults to stock basic preparedness supplies may help
minimize the risk of some of these outcomes, such as
using a flashlight to prevent fall-related injuries and
staying hydrated, especially during hot weather outages.
We found that the vulnerable groups in our study
were more likely to live in a multi-family building
which may present additional challenges for them dur-
ing power outages, particularly if they live on higher
floors. They may lose access to safe drinking water and
Table 7 Characteristics, preparedness, and concern between re-
spondents with registered electric-dependent household members
and respondents with non-registered electric-dependent household
members




(ref, n = 45)
Race/ethnicity
White, Non-Hispanicf 33 (15, 58) 32 (18, 50)
Otherf 67 (42, 85) 68 (50, 82)
Household income < $50,000f 63 (35, 84) 51 (32, 71)
Multi-family buildingf 75 (49, 90) 66 (47, 81)
Lost power in Superstorm Sandyf 18 (8, 37) 39 (22, 58)
Perceived preparednessb,f 34 (16, 59) 30 (16, 50)




75 (52, 89) 65 (45, 81)
Radio or battery operated
televisionf
25 (11, 48) 35 (19, 55)
Has health concernd,e,f 90 (73, 97)h 68 (48, 83)
a Individual weights were used
b Respondents reporting their households were prepared for a
power outage in NYC
cRespondents having a working flashlight, 3-day supply of food
that would not spoil, and 3-day supply of drinking water
d Respondents reporting being very or somewhat concerned that
power outages could cause injury or illness
e Proportion of characteristics significantly differed when com-
pared to non-registered respondents (p ≤ 0.05)
f All estimates should be interpreted with caution. Estimate’s rela-
tive standard error (a measure of estimate precision) is greater than
30% or the sample size is too small (n < 50), making the estimate
potentially unreliable
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be harder to reach due to impaired water pumping
equipment and elevators [6]. Community-based pro-
grams that encourage people to check on at-risk neigh-
bors are additional ways to promote power outage safety
among residents emergency responders cannot easily
reach.
Mobile devices for accessing the internet or receiving
texts were generally the most common way information
would be obtained during a power outage. However, a
loss of power could make it difficult to charge devices
and disrupt services, rendering them useless. As a pre-
vious study showed, traditional sources of information,
such as TV and radio, were more heavily relied on
among New Jersey respondents impacted by
Superstorm Sandy [46]. Other means of providing in-
formation are needed and should be clearly stated in the
messages that go out prior to an outage, if possible, so
people will be able to access information during the
outage. Prior to an outage, messaging developed for
use on mobile devices must be clear, available in mul-
tiple languages, and easy to find, especially if sent
through links in texts.
Respondents who lost power during Superstorm
Sandy were not more likely to perceive their households
as prepared or actually be prepared. Findings on the
relationship between prior disaster experience and pre-
paredness have been mixed [47–49]. A wide variety of
factors likely influence this relationship, including the
frequency and severity of outages experienced. Some
respondents who lost power during Sandymay have lost
it for only a short period of time, while some may have
lost power for weeks. Respondents may have not have
suffered any injuries or illness related to the power
outage, which may reduce inclinations to prepare for
future events. In addition, there may bemisclassification
of prior outage experience because we only asked about
Sandy. Respondents may have had a range of previous
power outage experience, in addition to other disaster
experiences, such as the September 2001 World Trade
Center terrorism attack, which could have influenced
preparedness [47].
Our study had several important limitations.
While our overall sample was large, some of our
subgroup samples were small, likely resulting in
unreliable estimates. Since most NYC outages do
not warrant evacuations, we focused our questions
on having supplies as an indicator of basic prepared-
ness. However, our questions may have only cap-
tured these supplies as part of normal household
goods and not necessarily with the intent of pre-
paredness, in which case timing of when the goods
were obtained in relation to when the survey was
conducted could impact how preparedness was cap-
tured [50]. We also did not ask about certain health-
relevant topics including keeping a supply of back-
up batteries for medical equipment, access to emer-
gency refills for prescription medications, or knowl-
edge of home food safety during outages. Our sur-
vey did not inquire about the respondents’ health
status or if they were the household member needing
assistance or on an electrically powered medical
device. As a result, we could not directly assess if
health status was associated with levels of concern
and preparedness. We also asked household-level
questions for certain topics, limiting our ability to
draw individual conclusions.
Conclusions
A power outage in NYC could have health impacts,
especially for the most at-risk residents. While con-
cern about power outages was higher among vulner-
able groups, preparedness was still low for some,
highlighting a need for targeted education and re-
sources prior to an outage. Our findings also pointed
to low awareness of power outage notification pro-
grams available through utility companies. As such,
additional work can be done to encourage prepared-
ness, including raising awareness about how to reg-
ister for utility company power outage notification
programs. Our study established an understanding of
basic power outage preparedness among the general
population and some vulnerable groups in NYC.
More detailed surveys or focus groups among these
vulnerable populations may help further understand
what drives preparedness and identify ways to im-
prove emergency preparedness planning in protecting
populations most at-risk to illness, injury, or death
associated with power outages.
Acknowledgments The research was supported by grant num-
ber 60445 from New York State Energy Research and Develop-
ment Authori ty (NYSERDA) and by grant number
5UE1EH000757-02, funded by the Centers for Disease Control
and Prevention. Its contents are solely the responsibility of the
New York City Department of Health and Mental Hygiene and do
not necessarily represent the official views of NYSERDA, the
724 Dominianni et al.
Centers for Disease Control and Prevention, or the Department of
Health and Human Services.
Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestrict-
ed use, distribution, and reproduction in any medium, provided
you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license, and indicate if
changes were made.
References
1. U.S. - Canada Power System Outage Task Force. Final
Report on the August, 14, 2003 Blackout in the United
States and Canada: Causes and Recommendations April
2004 2004 . Avai lable f rom: ht tps : / /www.ferc .
gov/industries/electric/indus-act/reliability/blackout/ch1-3.
pdf. Accessed: November 24, 2015.
2. The City of NewYork. A Stronger, More Resilient New York.
Chapter 6: Utilities June 11, 2013 2013. Available from:
http://www.nyc.gov/html/sirr/html/report/report.shtml.
Accessed: October 22, 2015.
3. Anderson GB, Bell ML. Lights out: impact of the August
2003 power outage on mortality in New York, NY.
Epidemiology. 2012;23(2):189–93.
4. Lin S, Fletcher BA, Luo M, Chinery R, Hwang SA. Health
impact in NewYork City during the northeastern blackout of
2003. Public Health Rep. 2011;126(3):384–93.
5. Marx MA, Rodriguez CV, Greenko J, Das D, Heffernan R,
Karpati AM, et al. Diarrheal illness detected through
syndromic surveillance after a massive power outage: New
York City, August 2003. Am J Public Health. 2006;96(3):
547–53.
6. BeattyME, Phelps S, RohnerMC,WeisfuseMI. Blackout of
2003: public health effects and emergency response. Public
Health Rep. 2006;121(1):36–44.
7. Lee DC, Smith SW, Carr BG, DoranKM, Portelli I, Grudzen
CR, et al. Geographic distribution of disaster-specific emer-
gency department use after hurricane Sandy in New York
City. Disaster Med Public Health Prep. 2016;10(3):351–61.
8. Chen BC, Shawn LK, Connors NJ, Wheeler K, Williams N,
Hoffman RS, et al. Carbon monoxide exposures in New
York City following Hurricane Sandy in 2012. Clin Toxicol
(Phila). 2013;51(9):879–85.
9. Office of the Attorney General. Con Edison's July 1999
Electric Service Outages: a report to the people of the state
of NY March 9, 2000 2000. Available from: http://www.ag.
ny.gov/sites/default/files/press-releases/archived/coned.pdf.
Accessed: November 25, 2015.
10. Department of Public Service.Department of Public Service
Staff Report on its Investigation of the July 2006 Equipment
Failures and Power Outages in Con Edison’s Long Island
City Network in Queens County, New York February 2007
2007 . Available from: http:/ /documents.dps.ny.
gov/public/Common/ViewDoc.aspx?DocRefId=%7B74
D61DEC-A052-4433-A4C3-27D863DFF53A%7D.
Accessed: March 21, 2017.
11. New York City Emergency Management. Utility
Disruptions . Available from: https://www1.nyc.
gov/site/em/ready/utility-disruptions.page. Accessed:
October 27, 2016.
12. Dominianni C, Lane K, Johnson S, Ito K, Matte T. Health
impacts of citywide and localized power outages in New
York City. Environ Health Perspect. 2018;126(6):067003.
13. Horton R, Rosenzweig C, Gornitz V, Bader D, O'Grady M.
Climate risk information: climate change scenarios and im-
plications for NYC infrastructure New York City Panel on
Climate Change. Ann N Y Acad Sci. 2010;1196:147–228.
14. Prezant DJ, Clair J, Belyaev S, Alleyne D, Banauch GI,
Davitt M, et al. Effects of the August 2003 blackout on the
New York City healthcare delivery system: a lesson for
disaster preparedness. Crit Care Med. 2005;33(1 Suppl):
S96–101.
15. Gotanda H, Fogel J, Husk G, Levine JM, Peterson M,
Baumlin K, et al. Hurricane Sandy: impact on emergency
department and hospital utilization by older adults in lower
Manhattan, New York (USA). Prehosp Disaster Med.
2015;30(5):496–502.
16. Gamble JL, Hurley BJ, Schultz PA, Jaglom WS, Krishnan
N, Harris M. Climate change and older Americans: state of
the science. Environ Health Perspect. 2013;121(1):15–22.
17. Behr JG, Diaz R. Disparate health implications stemming
from the propensity of elderly and medically fragile popula-
tions to shelter in place during severe storm events. J Public
Health Manag Pract. 2013;19(Suppl 2):S55–62.
18. Federal Emergency Management Agency. Build an
Emergency Supply Kit. Available from: https://www.ready.
gov/build-a-kit. Accessed: May 10, 2017.
19. New York City Office of Emergency Management. Ready
New York. Preparing for Emergencies in New York City.
Available from: http://www1.nyc.gov/assets/em/
downloads/pdf/household_guide.pdf. Accessed: May 19,
2017.
20. Trento L, Allen S. Hurricane Sandy nutrition support during
disasters. Nutr Clin Pract. 2014;29(5):576–84.
21. Shannon C. Understanding community-level disaster and
emergency response preparedness. Disaster Med Public
Health Prep. 2015;9(3):239–44.
22. Gazibara T, Jia H, Lubetkin EI. Disaster preparedness: a
comparative study of North Carolina and Montana.
Disaster Med Public Health Prep. 2014;8(3):239–42.
23. Gershon RR, Portacolone E, Nwankwo EM, Zhi Q, Qureshi
KA, Raveis VH. Psychosocial influences on disaster pre-
paredness in San Francisco recipients of home care. J Urban
Health. 2017;94(5):606-618.
24. Bethel JW, Foreman AN, Burke SC. Disaster preparedness
among medically vulnerable populations. Am J Prev Med.
2011;40(2):139–43.
25. Bagwell HB, Liggin R, Thompson T, Lyle K, Anthony A,
Baltz M, et al. Disaster preparedness in families with chil-
dren with special health care needs. Clin Pediatr (Phila).
2016;55(11):1036–43.
26. Barata I, Llovera I, Riccardi D, et al. Disaster preparedness
in a New York community after 9/11. The Internet. J Emerg
Med. 2006;3(2):1–5.
Power Outage Preparedness and Concern among Vulnerable New York City Residents 725
27. Sato K,Morita R, Tsukamoto K, Sato N, Sasaki Y, AsanoM,
et al. Questionnaire survey on the continuity of home oxygen
therapy after a disaster with power outages. Respir Investig.
2013;51(1):9–16.
28. Zidek C, West E, Holmes J, Crytzer M. A survey compari-
son of rural versus urban residents and household prepared-
ness. Home Healthc Nurse. 2014;32(7):420–9.
29. Sakashita K, Matthews WJ, Yamamoto LG. Disaster pre-
paredness for technology and electricity-dependent children
and youth with special health care needs. Clin Pediatr
(Phila). 2013;52(6):549–56.
30. DeSalvo K, Lurie N, Finne K, Worrall C, Bogdanov A,
Dinkler A, et al. Using Medicare data to identify individuals
who are electricity dependent to improve disaster prepared-
ness and response. Am J Public Health. 2014;104(7):1160–
4.
31. The American Association for Public Opinion Research.
Standard definitions: final dispositions of case codes and
outcome rates for surveys. 9th edition. Amsterdam, The
Netherlands:AAPOR. 2016. https://www.aapor.org/AAPOR_
Main/media/publications/Standard-Definitions20169
theditionfinal.pdf. Accessed: October 13, 2017.
32. New York City Department of Health and Mental Hygiene.
Epiquery: NYC Interactive Health Data System - Census
2010. Available from: http://nyc.gov/health/epiquery.
Accessed: June 22, 2017.
33. Murphy BL. Emergency Management and the August 14th,
2003 Blackout 2004. Available from: http://www.iclr.
org/images/Emergency_Management_and_the_August_14
th_2003_Blackout.pdf. Accessed: March 31, 2017.
34. Molinari NA, Chen B, Krishna N, Morris T. Who's at risk
when the power goes out? The at-home electricity-depen-
dent population in the United States, 2012. J Public Health
Manag Pract. 2017;23(2):152–9.
35. Uscher-Pines L, Hausman AJ, Powell S, DeMara P, Heake
G, Hagen MG. Disaster preparedness of households with
special needs in southeastern Pennsylvania. Am J Prev Med.
2009;37(3):227–30.
36. True NA, Adedoyin JD, Shofer FS, Hasty EK, Brice JH.
Level of disaster preparedness in patients visiting the emer-
gency department: results of the civilian assessment of read-
iness for disaster (CARD) survey. Prehosp Disaster Med.
2013;28(2):127–31.
37. Baker LR, BakerMD. Disaster preparedness among families
of children with special health care needs. Disaster Med
Public Health Prep. 2010;4(3):240–5.
38. Eisenman DP, Zhou Q, Ong M, Asch S, Glik D, Long A.
Variations in disaster preparedness by mental health,
perceived general health, and disability status. Disaster
Med Public Health Prep. 2009;3(1):33–41.
39. Bethel JW, Burke SC, Britt AF. Disparity in disaster pre-
paredness between racial/ethnic groups. Disaster Health.
2013;1(2):110–6.
40. Carter-Pokras O, Zambrana RE, Mora SE, Aaby KA.
Emergency preparedness: knowledge and perceptions of
Latin American immigrants. J Health Care Poor
Underserved. 2007;18(2):465–81.
41. Fothergill A, Maestas EG, Darlington JD. Race, ethnicity
and disasters in the United States: a review of the literature.
Disasters. 1999;23(2):156–73.
42. Iliffe S, Kharicha K, Harari D, Swift C, Gillmann G, Stuck
AE. Health risk appraisal in older people 2: the implications
for clinicians and commissioners of social isolation risk in
older people. Br J Gen Pract. 2007;57(537):277–82.
43. Al-Rousan TM, Rubenstein LM, Wallace RB. Preparedness
for natural disasters among older US adults: a nationwide
survey. Am J Public Health. 2014;104(3):506–11.
44. New York City Department of Health and Mental Hygiene.
Epi Data Brief: Falls among Adults Aged 65 Years and Older
in New York City 2012. Available from: https://www1.nyc.
gov/assets/doh/downloads/pdf/epi/databrief14.pdf. Accessed:
August 29, 2017.
45. Centers for Disease C, Prevention. Heat illness and deaths–
NewYork City, 2000-2011.MMWRMorbMortal Wkly Rep.
2013;62(31):617–21.
46. Burger J, Gochfeld M, Jeitner C, Pittfield T, Donio M.
Trusted information sources used during and after
Superstorm Sandy: TVand radio were used more often than
social media. J Toxicol Environ Health A. 2013;76(20):
1138–50.
47. Gargano LM, Caramanica K, Sisco S, Brackbill RM,
Stellman SD. Exposure to the world trade center disaster
and 9/11-related post-traumatic stress disorder and house-
hold disaster preparedness. Disaster Med Public Health
Prep. 2015;9(6):625–33.
48. Rincon E, Linares MY, Greenberg B. Effect of previous
experience of a hurricane on preparedness for future hurri-
canes. Am J Emerg Med. 2001;19(4):276–9.
49. Kosa KM, Cates SC, Godwin SL, Coppings RJ, Speller-
Henderson L. Most Americans are not prepared to ensure
food safety during power outages and other emergencies.
Food Prot Trends. 2011;31(7):428–36.
50. Levac J, Toal-Sullivan D, O'Sullivan TL. Household emer-
gency preparedness: a literature review. J Community
Health. 2012;37(3):725–33.
726 Dominianni et al.
